facets.
No sexual difference was significant in overall distribution of frequencies. 
MATERIALS AND METHODS
For the present study, 882 skeletal specimens (444 males, 438 females) of Japa nesemacaques, Macaca fuscata fuscata (Blyth, 1875) housed at the Primate Re searchInstitute, Kyoto University, were examined. Specimens included both wildcaught and laboratory-raised animals. Provenances of the wild-caught specimens were mostly unknown. In this analysis, no distinction was made between wildcaught and laboratory-raised specimens.
Specimens were cleaned with water, and each specimen was kept in a separate box. Most specimens consisted of disarticulated vertebral columns. Careful atten tionwas paid to determining the number of each type of vertebra. Every vertebra was placed in the anatomical position and its articular surfaces were closely exam ined.If a vertebra did not articulate exactly with the adjacent vertebrae, the specimen was excluded from the present study. The number of ribs was also counted to determine the number of the thoracic vertebrae. If the number of thoracic vertebra did not agree with the number of ribs, the specimen was excluded from the present study.
The number of specimens of caudal vertebrae examined was limited (36 males and 33 females) because terminal vertebrae were frequently missing, both antemortem and postmortem. If terminal vertebrae were missing, the specimen was excluded from the present study for determination of the number of caudal verte brae.
Vertebral classification method no. 1. Definition of cervical, thoracic, lumbar, sacral and caudal vertebrae are as follows (Schultz, 1961) .
Cervical vertebrae: All vertebrae between skull and thorax. For "cervical ribs," the vertebra bearing these structures is counted as a cervical vertebra, if the mov ablecostal parts are incomplete and have free ventral ends, and is counted as a thoracic vertebra, if the ribs reach the sternum, either directly or indirectly by way of the adjacent ribs.
Thoracic vertebrae: The vertebrae that bear ribs. The last ribs may be repre -sented by mere vestiges which have become ankylosed; vertebrae with such vestigial ribs are counted as thoracic vertebrae. The occurrence of a rib on one side and of a true transverse process on the opposite side characterizes a transitional thoraco lumbarvertebra at the border between the thoracic and lumbar regions and is counted as 0.5 thoracic and 0.5 lumbar.
Lumbar vertebrae: The vertebrae between the thorax and the sacrum, bearing no ribs and possessing no lateral masses participation in the formation of sacral foramina. Lumbo-sacral vertebrae may be sacralized on one side only; i.e., they may possess on one side a continuous sacral surface with the following segment, while on the opposite side there is no contact with the ilium. In 14 individuals, the last lumbar vertebrae (L7) had asymmetries in their trans verseprocesses. In five of these individuals, L7 had a transverse process on the left side and sacral canal on the right side (Mff 914, male; Mff956, female; Mff986, male; Mff10239, male; Mff10298, female). In nine other individuals, the asymmetry was reversed (Mff120, male; Mff215, male; Mff603, male; Mff660, male; Mff852, male; Mff1026, female; Mff1267, female; Mff10197, male; Mff10422, female).
Sacral vertebrae (Table 1) The number of sacral vertebrae varied between two and four. The modal number was three (89.0% for males and 90.0% for females). In 14 individuals, the first vertebrae had asymmetries in their sacral canals, as noted above.
Caudal vertebrae (Table 2) The number of caudal vertebrae, determined for 69 individuals, varied between seven and eleven. One specimen (Mff10226, adult female) had at least 12 caudal vertebrae but the total number could not be determined because of missing terminal vertebrae. The modal number was 10 (for males, 44.4%) and 9 (for females, 36.3%). Thoracolumbar vertebrae (Tables 1 and 3) There were nine variants of vertebral formulae for this region. They were 12-6, 12-6.5, 12-7, 12-7.5, 12-8, 12.5-6.5, 13-6, 13-6.5, and 13-7 . The number of thoracolumbar vertebrae (thoracic+lumbar vertebrae) varied between 18 and 20, Lumbosacral vertebrae (Tables 1 and 4) There were 11 variants of vertebral formulae for this region (Table 1) . They were 6-3, 6-4, 6.5-2.5, 6.5-3, 6.5-3.5, 7-2, 7-3, 7-4, 7.5-3.5, 8-2, and 8-3. The number of lumbosacral vertebrae (lumbar+sacral vertebrae) varied between 9 and 11, and the modal number was ten (81.3% for males and 83.5% for females).
Thoracolumbosacral vertebrae (Tables 1 and 5) There were 16 variants of vertebral formulae for this region, and the most com monformula was 12-7-3 (70.6%). The number of thoracolumbosacral vertebrae (thoracic+lumbar+sacral vertebrae) varied between 21 and 24, and the modal number was 22 (79.0% for males and 84.7% for females).
(2) Count by facets (Table 6) Thoracic-type facet
The number of vertebrae bearing thoracic type of prezygapophyseal facets (T -type facets) varied between 8 and 11. The first vertebra with T-type facets was either the first thoracic vertebra (T1) or T2 (usually T2) and no asymmetry was observed. The last vertebra with T-type facets was either T9, T10, or T11 (usually T10) and asymmetries were observed in four cases (Mff470, female; Mff10106, female; Mff10298, female; Mff10606, male). When the last vertebra with T-type facets was either T10.5 or T11, those individuals had always 13 thoracic vertebrae. In general, those individuals which had T-type facets on T2 through T10 were the most common whether they had 12 or 13 thoracic vertebrae.
DISCUSSION
This is the first systematic study on the numerical variation of vertebrae for Macaca fuscata. Homology is a crucial concept for the comparative study in biology. Vertebrae are regarded either as serial homologues (Owen, 1848) or as repetitive homologues (Van Valen, 1982) . Each vertebra is composed of three primary ossification centers onein each half of the vertebral arch and one in the body, and five secondary centers, one for the tip of each transverse process, one for the end of the spinous process, and two annular epiphysial rings for the circumferential parts of the cra nialand caudal surfaces of the body (Williams and Warwick, 1980) . Traditionally, thoracic vertebrae are defined as vertebrae that bear articulated ribs (Flower, 1885) , and sacral vertebrae are defined as vertebrae that articulate with the ilium and whose bodies and vertebral arches are fused (Abitbol, 1987) . Consequently, the vertebral column is divided into five regions-cervical, thoracic, lumbar, sacral, and caudal. However, there is no universal agreement regarding the precise definition of the different types of vertebrae, including transitional ones (Schultz, 1961) . In the present study, I followed the definition of vertebral types proposed by Schultz (1961) in this respect because it was based on the traditional one and was defined morphologically rather than functionally. In some cases, how ever,the definition could not avoid arbitrariness when dealing with the transitional vertebrae. This difficulty arises when we attempt to classify repetitive homologs. Divergent methods have been proposed for the comparison of numerical varia tionof vertebrae. These methods range between two extremes, namely, comparing the corresponding regions with each other (Schultz and Straus, 1945) , or comparing the vertebral column as a whole among individuals (Abitbol, 1987) .
In the cervical region, the number of vertebrae was invariably seven in the present study. The result is in accordance with the former reports for macaques (e.g., Flower, 1885; Todd, 1922; Schultz, 1930 Schultz, , 1961 Schultz and Straus, 1945; Hill, 1974) . In the thoracic region, the number of vertebrae varied between 12 and 13 with the modal number 12 in the present study (Table 1 ). The range of variation is in accordance with the former reports for macaques but the frequency of 13 vertebrae (21.1%) is higher (Schultz, 1930 (Schultz, , 1961 Schultz and Straus, 1945: 13-14%) .
In the lumbar region, the number of vertebrae varied between six and eight with the modal number seven in the present study (Table 1 ). The result is in accordance with the former reports for macaques (Schultz and Straus, 1945; Schultz, 1961) .
In the sacral region, the number of vertebrae varied between two and four with the modal number three in the present study (Table 1 ). The range of variation is in accordance with that for macaques previously reported, but the frequency of the individuals bearing four vertebrae (8.3%) is higher than that of former reports (Schultz and Straus, 1945; Schultz, 1961: 4%) .
In the caudal region, the number of vertebrae varied between 7 and 11 in the present study, with the modal number 9 or 10 ( Table 2) . As mentioned above, the maximum number is more than 12. The range of variation is comparable to that of Macaca arctoides, i.e., 6-10 (Wilson, 1972; Fooden, 1990) . The range of variation is within the range previously reported for macaques, i.e., 5-28 (Schultz and Straus, 1945; Schultz, 1961) . Numerical variation of the thoracolumbar vertebrae ranged between 18 and 20 with the modal number 19 in the present study (Table 3 ). The range of variation is in accordance with that of former reports (Schultz and Straus, 1945; Schultz, 1961) . Males have a higher frequency of 20 vertebrae and females a higher frequency of 18 (chi-square test, P<.05), as in humans (Bornstein and Peterson, 1966; Kaufman, 1974) .
Numerical variation of the lumbosacral vertebrae ranged between 9 and 11, with the modal number 10 in the present study (Table 4) .
Based on the study of catarrhines and platyrrhines, Abitbol (1987) 
